Background: The purpose of this study was to report the outcomes of endoscopic transnasal resection for sinonasal and anterior skull-base cancers in elderly patients.
adjuvant or neoadjuvant treatment have shown encouraging overall survival (OS) and disease-specific survival (DSS) rates with decreased postoperative sequelae. 7 The possibility to achieve a radical resection of the tumor with a minimal manipulation of the brain, osteotomies, bleeding, and surgical duration is of the utmost importance in the elderly and could be associated with a more favorable outcome in this particular subgroup of patients. The purpose of this study was to present the outcomes of endoscopic transnasal surgery for sinonasal malignant tumors in elderly patients (70 years old); to the best of our knowledge, there are no studies in the literature focusing on this topic.
| P A TI ENT S A ND M ETHO DS
The study foresaw a retrospective review of the patients treated for a sinonasal and/or anterior skull base malignant tumor in 2 tertiary referral centers from June 1995 to January 2016. All the relative clinical, surgical, pathological, and radiological data were retrieved. We retrospectively reviewed data on patient characteristics (sex, symptoms, comorbidities, and previous treatments), tumor features (histology, staging, and site of origin), surgical approaches, and skull base reconstructions, adjuvant and neoadjuvant treatments (chemotherapy and/or radiotherapy), resection margins, and follow-up.
Patients with incomplete medical records were excluded. The tumors were retrospectively classified according to the World Health Organization International Histological Classification of Tumors 8 and were staged according to the Union for International Cancer Control TNM Classification of Malignant Tumors. 9 The patients enrolled were divided according to their age into 2 groups: <70 years old and 70 years old. The 2 groups were compared with univariate analysis by using Fisher exact tests or chi-square tests. The variables that we considered were histology, sex, comorbidities, stage of disease, subsites involved, symptoms, adjuvant treatment, intraoperative and postoperative complications, and analysis on surgical margins. The comorbidities considered in our survey were vascular diseases, cardiac diseases, diabetes mellitus, chronic obstructive pulmonary disease, arterial hypertension, and chronic renal failure. Complications were categorized as either major or minor. Minor complications were defined as being of mild severity and self-resolving without the need for further treatment or prolonging the hospital stay; major ones included life-threatening complications requiring medical or surgical treatment, such as cerebrospinal fluid (CSF-l) leaks, meningitis, massive epistaxis, pneumocephalus, pulmonary embolism, sepsis, myocardial infarction and stroke, or complications determining a loss of functions, such as amaurosis and diplopia. We also classified complications into local complications (infection, epistaxis, and hematoma), central nervous system complications (meningitis and pneumocephalus), and systemic complications (myocardial infarction, ictus, and metabolic complications).
All data were collected and processed with a commercially available computer software package (SPSS for Windows, version 19, 2010; SPSS, Chicago, IL). The estimated distribution of the OS, DSS, and recurrence-free survival (RFS) were calculated using the Kaplan-Meier method. Sex, age, histology, surgical approaches, margins of resection, and comorbidities were evaluated by multivariate analysis of survival in the elderly patients, which were carried out using an explorative Cox proportional hazard model (P values < .05 were considered significant).
| RES U LTS
Six hundred three patients (603) were enrolled in this survey; 206 patients aged 70 years were compared with 397 patients younger than 70 years old.
Patients, tumor features, treatment, and postoperative data, including the univariate analysis are summarized in Tables 1 and 2 . A statistically significant difference between the younger and the elderly patients is evident in the distribution of histologies, comorbidities, and adjuvant treatments. Intestinal-type adenocarcinoma (ITAC) was the most represented histological type (in 23.9% of the younger and 42.2% of the elderly patients) followed by melanoma in the elderly (16.5%) and esthesioneuroblastoma in the younger patients (14.9%). The univariate analysis showed a significant difference in the histological distribution between the 2 groups (P 5 .001), mostly related with ITAC, melanoma, and esthesioneuroblastoma. The elderly patients presented with more comorbidities (59.7% vs 46.9%; P 5 .003). Younger patients received more frequent adjuvant treatments (56.7% vs 46.1%; P 5 .014). In particular, radiotherapy and chemotherapy were administered to 54.4% and 10.1% of the younger group, respectively, and to 37.4% and 14.1% of the elderly patients.
The univariate analysis revealed that sex, symptoms, stage of disease, subsite involvement, surgical treatments, and surgical margins had the same distribution between younger and elderly patients. In the younger and elderly patient groups, the men were 65.5% and 71.4%, respectively, whereas the women were 34.5% and 28.6% with a male/ female ratio of 1.9/2.5 (P 5 .145). Nasal obstruction, epistaxis, and anosmia were the symptoms most reported in both groups (69.5%, 45.3%, and 34.3% in the younger group, and 65.0%, 54.4%, and 27.7% in the elderly group, respectively; P 5 .057). The tumors were staged for the younger and elderly patients, respectively, as pT1 in 16 (P 5 .089) were evident in 2.0% and 0.8% of the younger patients, respectively, and in 1.9% and 2.4% of the elderly patients. In both groups, the most frequently involved subsites were the ethmoid sinus (81.6% in the younger patients and 83.0% in the elderly patients) followed by the septum (33.3% and 41.3%, respectively), and the skull base (32.0% and 34.0%, respectively) with no statistical significant differences between the 2 groups (P 5 .338). In the younger and elderly patient groups, an endoscopic endonasal resection without craniectomy was performed in 41.6% and 45.1% cases, respectively, endoscopic resection with transnasal craniectomy in 44.8% and 43.7% cases, and a combined transcranial-transnasal resection in 13.6% and 11.2% (P 5 .583).
Complications were reported in 17.5% of the population enrolled. In the elderly group, the complication rate was 19.9% and, although this was higher than in the younger group (16.4%), there was no statistical significant difference (P 5 .280). Overall, postoperative mortality was 0.33% (2 cases of blowout of internal carotid artery with exitus in the younger patient group and no cases in the elderly patient group). Positive surgical margins were reported in 68 cases (11.3%), 10.7% and 12.6% in the young and elderly patient groups, respectively (P 5 .565). Melanoma and adenoid cystic carcinoma have high rates of positive surgical margins due to their biological behavior and local aggressiveness. When melanoma and adenoid cystic carcinoma were censored, positive surgical margins were reported in 8.0% of the selected population.
The median follow-up was 57 months (range 6-224 months). Five-year and 10-year OS, DSS, and RFS rates for the elderly patients were significantly poorer than for patients aged <70 years. The 5-year OS was 66.3% 6 4.03% vs 81.9% 6 2.24%, and 10-year OS was 52.8% 6 5.75% vs 71.8% 6 3.27%; P 5 .0003. The 5-year DSS was 75.2% 6 3.79% vs 85.0% 6 2.09%, and the 10-year DSS was 69.3% 6 5.13% vs 78.3% 6 2.25%; P 5 .0454. The 5-year RFS was 66.2% 6 4.07% vs 75.4% 6 2.49%, and the 10-year RFS was 58.4% 6 4.97% vs 68.8% 6 3.08%; P 5 .0369) Figure 1 . When censored for melanoma and esthesioneuroblastoma, only the 5-year and 10-year OS between elderly and younger patients were very close to statistical significance (P 5 .054), whereas the DSS and RFS were no more statistically significant (P 5 .915 and .179, respectively) Figure 2. The 5-year and 10-year OS and DSS of elderly patients with positive surgical margins were comparable with the younger patients and poorer when compared with the elderly patients with negative surgical margins. The survival curves showed moreover that the elderly patients reported a worst survival in local advanced disease (pT3-4) when compared to early disease (pT1-2). The results of the survival curves are summarized in Table 3 .
When elderly patients were stratified according to the presence (59.7%) or absence (40.3%) of comorbidities, the OS, DSS, and RFS were not statistically different between the 2 subgroups ( Figure 3 and Table 3 ). Elderly patients with comorbidities reported an increased rate of postoperative complications (20.2%) compared with elderly patients without comorbidities (18.6%). However, no statistical significance was found (P 5 .67). 
| 921
The multivariate analysis in elderly patients reported that pT (T1-2 vs T3-4), histology (esthesioneuroblastoma, adenocarcinoma, melanoma, the carcinoma group, and others], margins (positive vs negative), and surgical approaches (endonasal endoscopic resection with or without craniectomy vs combined transcranial-transnasal resection) were independent predictor factors for the OS and DSS, whereas pT, histology, and surgical margins were independent predictor factors for the RFS (Table 4 ).
| D IS C US S I ON
With the increase in life expectancy, the interest of many surgical specialties has moved toward the elderly in terms of extending surgical indications and improving the management of complications. It is known that elderly patients with cancer receive frequently nonstandard treatments. 10 The fear of severe postoperative complications in this fragile population leads more often to inadequate surgical or nonsurgical management. 11 Over the past 3 decades, by reducing the invasiveness of the transcranial and transfacial approaches, the endoscopic approach has played an important role in sinonasal and anterior skull base surgery and several authors have published series of elderly patients surgically treated for different sinonasal and skull base pathologies. Jiang and Hsu 12 noted that functional endoscopic sinus surgery in the elderly population accounted for 15.6% of all endoscopic surgeries in their population and reported a slightly increased complication rate as compared to their adult and pediatric group, whereas other authors have concluded that complication rates after functional endoscopic sinus surgery are not related to age. 13 Abbreviations: DSS, disease-specific survival; ONB, olfactory neuroblastoma; OS, overall survival; RFS, recurrence-free survival. a Significant P value.
Both increased experience in the endoscopic management of inflammatory disease, benign tumors, and CSF-l, and the advances in instrumentation, surgical navigation, and skull-base reconstruction, have allowed endoscopic surgery to emerge as a minimally invasive alternative to open approaches during the past decades for sinus and skull base malignancies. This process has been controversial, [16] [17] [18] [19] in particular due to the nonconformity with the oncologic principles of "en bloc" resection. With the transnasal endoscopic approach, free-margin resection is rather achieved through a progressive disassembling of the lesion with a "centripetal" resection. The first step is the debulking of the tumor, followed by a subperiosteal/subperichondrial dissection of the nasoethmoidal complex, including if required the septum and/or contralateral nasoethmoidal complex; the resection could be progressively enlarged superiorly to Abbreviations: CI, confidence interval; DSS, disease-specific survival; OS, overall survival; RFS, recurrence-free survival. a Significant P value.
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include the ethmoidal roof, the dura mater, the olfactory bulbs, and laterally to include the medial wall of the maxillary sinus with the lacrimal pathways, the papyracea, and the periorbit. 20 During the last 20 years, endoscopic resection has achieved a general consensus in selected patients progressively clarifying and expanding the indications. 21 In a recent meta-analysis, Rawal et al 22 reported that the 2-year and 5-year OS rates of 759 patients treated with endoscopic endonasal resection for sinonasal malignancies (85.8% and 83.5%, respectively) were comparable or even better than the rates reported for open craniofacial resections. Thus, currently, endoscopic and open approaches should not be considered in contrast to each other but should be carefully selected in every case 23 in order to achieve a radical resection of the tumor. However, the eligibility for craniofacial resection in elderly patients is critical due to the increased perioperative morbidity and mortality 6 rates encountered. The elderly are usually classified into young-old (65-75 years), old-old (76-85 years), and oldest-old groups (>85 years) 24 according to the classification adopted by the National Institute on Aging and the National Institutes of Health. However, most clinical studies use as a cutoff the age of 70 years to define elderly patients. 25 Unfortunately, no universally accepted criteria exist that would facilitate clinical decision making and we adopted 70 years old as our cutoff to obtain results comparable with most studies in literature. At present, all recommendations for management of elderly patients diagnosed with head and neck cancer are based on retrospective studies or subset analyses of prospective trials. Concerning head and neck cancers, most studies report that extensive surgical treatment (such as laryngectomies, neck dissections, and myocutaneous flap reconstructions) was not related with an increased rate of mortality and was associated with acceptable incidences of complications. 26, 27 Consequently, we can assume that elderly patients with head and neck cancer may be eligible, with proper selection, for extensive surgical treatment. 28 However, sinonasal and anterior skull base tumors are a particular subgroup of head and neck cancers and should be considered independently; currently, there are no pertinent studies analyzing this subgroup of patients considering the advent of the endoscopic approaches. In literature, there are 3 studies reporting the results of craniofacial surgery in elderly patients, 6, 29, 30 whereas not one concerning the endoscopic transnasal approach for sinonasal malignancies could be found. Our study includes a large sample of patients from 2 Italian tertiary centers with the same policy in terms of diagnostic and therapeutic management of sinonasal cancers. The uniformity of the sample is the strength of this study, although it is a retrospective analysis and it is consequently susceptible to the shortcomings in data collection that are possible in such study designs.
In our analysis, elderly patients showed lower 5-year and 10-year OS (66.3% and 52.8%), DSS (75.2% and 69.3%), and RFS (66.2% and 58.4%) when compared with patients aged <70 (Figure 1 and Table 3 ). Worst outcomes in elderly patients are demonstrated also in cases of craniofacial surgery in patients aged 70 years or more with 3-year OS of 53% 6 and 5-year OS of 42%, 29, 30 which are poorer when compared to the present series.
In the present study, no statistically significant differences were found between the young and the elderly patients regarding the TNM classification distribution, also in terms of subsite involvement. The criteria for resectability, which is beyond the intent of our article and is detailed elsewhere, 31 were applied always regardless of the age of the patients. Because there were no differences in the surgical indications and in subsite involvement, as expected, we found no statistically significant differences between the 2 groups concerning the surgical approaches: endoscopic resection without craniectomy and endoscopic resection with transnasal craniectomy or combined transcranial-transnasal resection. Hence, the compared groups are similar in terms of disease and treatment, thus excluding a potential selection bias in our survey (Tables 1 and 2 ).
The International Collaborative Study (ICS) group reported that 4 factors were independent predictors of survival outcome of sinonasal malignant tumor 32 : histology, medical comorbidity, intracranial involvement, and surgical margins. Because of the great variability in the biological behavior, the histology is the main feature for the prognosis of anterior skull base cancers and, in fact, a significant difference in the distribution of the histotypes was evident in our univariate analysis (Tables 1 and 2 ). Melanoma is a highly aggressive tumor with a poor prognosis (5-year OS 6.5%-34% 33 ) and a higher prevalence in elderly people, 34 as reported in our data: 16.5% and 6.0%, respectively. Conversely, younger patients are more affected by esthesioneuroblastoma (16.0% and 2.4%, respectively), which is related with a relatively more favorable prognosis among the sinonasal cancers. 35 When melanoma and esthesioneuroblastoma were censored, the elderly patients presented worse 5-year and 10-year OS rates (71.9% and 56.4%, respectively) compared to the group of the younger patients (80.1% and 70.3%, respectively) with a P 5 .05 ( Figure 2 and Table 3 ). On the other hand, there were no statistically significant differences when we considered the DSS and RFS (P 5 .92 and .18, respectively). This confirms that the biological behavior and distribution of the different histologies have a prominent role in determining the worst prognosis in the elderly patients. The multivariate analysis (Table 4 ) demonstrated that histology, stage of disease, and surgical margins were independent predictors of survival outcome in the elderly patients. Medical comorbidities were not associated with a worse outcome, as previously reported, probably due to different factors, such as better perioperative management, more accurate selection of the patients, and the reduced morbidity of the endoscopic approach. Moreover, the Kaplan-Meier test in our analysis failed to reach a statically significant difference between elderly patients with and those without comorbidities ( Figure 3 and Table 3 ), whereas comorbidities have been related with a worse prognosis in craniofacial surgery. 29 The survival rates in elderly patients reported in our analysis show a dramatic decrease of the OS and DSS for local advanced disease (pT1-2 compared with pT3-4) and positive surgical margins (the data are detailed in Table 3 ). These findings are confirmed by the above-mentioned multivariate analyses.
A study on 1201 patients treated for head and neck cancers (including 87 sinonasal cancers) reports that age did not significantly predict complications and the risk of complications was significantly related to sex, comorbidity, stage, type of surgery, violation of the aerodigestive tract, reconstruction type, neck dissection, and length of intervention; the last one was found to be one of the most important predictors of surgical and nonsurgical complications. 27 In our survey, we reported complications in 17.5% of the 603 patients enrolled. Considering the elderly patients, the rate of overall complications was 19.9%, with 10.7% of minor ones. However, there were no significant differences compared with the younger patients (16.4%; P 5 .280). Craniofacial resections are generally related with 25%-65% of complications 36 with a 4.7% of perioperative mortality. 32 Considering the elderly patients, the reported complications of craniofacial resections range from 42% to 64%, and the mortality from 4% to 17%. 6, 29, 30 Although the endoscopic and craniofacial approaches have different indications and the results presented by the different studies cannot be directly compared, it should be highlighted that the endoscopic approach has encouraging low complications rates in elderly patients.
| C ONCL US I ON
Advanced age, per se, should not be considered a contraindication to adequate surgical treatment in sinonasal and anterior skull base cancers. Other factors, including comorbidities, disabilities, frailty, and impaired functional status, must be evaluated and represent more relevant criteria than chronological age by itself for decision making. Thus, a comprehensive geriatric assessment along with a multidisciplinary approach is mandatory. Endoscopic endonasal resection is safe and effective also in elderly patients and, when correctly indicated, it should be preferred to open craniofacial resection due to the lower perioperative morbidity and mortality rates and the similar oncologic outcomes. Compared to the younger patients, the elderly patients in our study presented more aggressive histologies, which are factors related with a worse prognosis; when melanoma and esthesioneuroblastoma data were censored, the DSS and RFS proved to be similar in both the young and the elderly patients. Histology, stage of disease, surgical margins, and surgical approaches were independent predictors of survival outcome in the elderly patients.
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